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Abstract: There is a high prevalence of type 2 diabetes mellitus in Bermuda. It has been well established that a significant
number of patients with diabetes mellitus will develop a diabetic foot infection (DFI), which is associated with increased
morbidity and mortality. The objectives of this study were to determine the microbiological and antimicrobial susceptibility
profile in DFIs and to investigate whether methicillin resistant Staphylococcus aureus (MRSA) is a common pathogen as well
as playing a pivotal role in amputations. A retrospective study was carried out on 96 patients diagnosed with DFI.
Demographic data, types of cultures, antimicrobial susceptibility profile and antimicrobial management were collected from
medical records. Ninety six patients were investigated and Staphylococcus aureus was the most common organism isolated,
followed by Pseudomonas aeruginosa, Group B Streptococcus and Proteus mirabilis. In addition, MRSA organisms were
isolated at a low frequency. The organisms isolated showed susceptibility to commonly used antimicrobial agents such as
amoxicillin/clavulante, clindamycin, cefazolin, ampicillin/sulbactam, tetracycline, ceftriaxone, trimethoprim-sulfamethoxazole
and piperacillin-tazobactam. There was an association between peripheral vascular disease (PVD) and diabetes related
amputations. In conclusion, Staphylococcus aureus is a common organism in DFI and the findings of the study does not
support empirical MRSA antimicrobial therapy for the management of DFI. There was no evidence to suggest that there is an
association between MRSA and diabetes related amputations.
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been reported in the literature, that there is an increasing
incidence of diabetes in Bermuda. Moreover, the increasing
incidence of diabetes in Bermuda was linked to: family
genotype, lifestyle, lack of exercise, obesity and other
environmental factors [3]. Diabetes in Bermuda represents a
significant burden - with approximately 13,000 people
registered as having the condition in 2017 [4]. In addition,
the report also mentioned that there was a high limb
amputation rate for individuals with diabetes in Bermuda.

A significant number of patients with diabetes will develop
DFIs [5]. It has been well established that the bacteria most
commonly isolated from DFIs is predominantly
Staphylococcus aureus [6]. Furthermore, the prevalence of
methicillin resistant Staphylococcus aureus (MRSA) in DFIs
has been reported to be 15-30% [7, 8]. However, there have

1. Introduction

The prevalence of diabetes mellitus is increasing rapidly in
many countries, including the United States of America. A
study reported that presently there are an estimated 400
million adults living with diabetes and the global prevalence
continues to increase with a projected 500 million people
living with the condition by 2035 [1]. The healthcare costs
associated with diabetes management are also rising
worldwide. Furthermore, it was reported, almost a decade
ago, that the direct medical costs associated with diabetes
were 176 billion dollars, which is higher than healthcare
costs associated with the management of patients with
medical conditions not related to diabetes [2]. It has also
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been reports of a predominance of Gram- negative bacteria
DFIs [9]. The development of a DFI is a potential cause of
lower limb amputations [10].

This study was undertaken to investigate the bacteria isolated
from diabetic patients with lower limb infections and whether
the isolation of MRSA had a significant impact on amputations.

2. Methods
2.1. Study Setting

This retrospective study was undertaken at King Edward
VII Memorial Hospital, Hamilton, Bermuda.

2.2. Study Design

All patients diagnosed as having a DFI between 2019 and
2020 were investigated in the study. Diabetic foot infection
was classified using the Infectious Diseases Society of
America’s guideline for the diagnosis and treatment of diabetic
foot infections [11]. Information regarding microbiology
culture and susceptibility testing on isolates obtained from
wound swabs, tissue cultures and blood cultures as well as
patient demographic characteristics such as age, gender and
co-morbid illness, antibiotic therapy, and amputations were
identified. All microbiological investigations were performed
according to the Clinical and Laboratory Standards Institute’s
(CLSI) guidelines and local Microbiological guidelines.
Identification and susceptibility testing of the isolates were
carried out using the Vitek 2 System (bioMerieux, Inc.).

3. Results

3.1. Demographic Characteristics

A total of 96 cases with the diagnosis of DFI for the period
March 2019 to July 2020 were identified and reviewed. The
study population compromised of 51 males and 45 females.
The age of the patients ranged from 45 to 94 years.
Hypertension, dyslipidaemia, peripheral neuropathy and
peripheral arterial disease were frequent co-morbidities. The
majority of the patients in the study had debridement and
59.3% (57/96) had amputation of a lower limb or toe. 18.7%
(18/96) of the lower limb amputations were below the knee,
8.3% (8/96) were above the knee and 41.6% (40/96) had a
digital amputation. The main cause of amputation was

peripheral vascular disease (PVD).
3.2. Microbiological Investigations

The type of specimens sent to Microbiology for culture
and susceptibility testing included wound, tissue, and blood.
60.4% (58/96) of the patients had blood cultures taken for
investigation. Only 17.2% (10/58) of blood cultures grew
bacteria namely Staphylococcus aureus 3, Group B
haemolytic Streptococci 2 and MRSA 2, Morganella
morganii 2 and Staphylococcus epidermidis 2. Of the 96
microbiological investigations, 56.2% (54/96) were culture
positive, 66.6% (36/54) were mono-microbial, 33.3% (18/54)
were poly-microbial. The predominant organism grown was
Staphylococcus  aureus 13.5% (13/96) followed by
Pseudomons aeruginosa 9.3% (9/96), Group B Streptococcus
8.3% (8/96) and Proteus mirabilis 9.3% (9/96). In addition,
methicillin resistant Staphylococcus aureus (MRSA) was
isolated from 7 of the patients in the study. Other organisms
such as Enterococci, Serratia marcescens, Enterobacer
cloaecae, Escherichia coli, Klebsiella pneumoniae,
Citrobacter freundii and Morganella morganii are detailed in
Table 1. We reviewed the available antimicrobial
susceptibility results for the predominant organisms isolated
in the study.

3.3. Antimicrobial Susceptibility Profile

Nearly one-half of the patients received empirical
antimicrobial therapy. Staphylococcus aureus was susceptible
to oxacillin, amoxicillin, amoxicillin/clavulanate, cefazolin,
gentamicin and clindamycin. The majority of MRSA were
susceptible to trimethoprim- sulfamethoxazole, tetracycline,
vancomycin, linezolid and gentamicin. Pseudomonas
aeruginosa was susceptible to ceftazidime, pipercillin-
tazobactam, gentamicin and meropenem. All of the Group B
Streptococcus isolates were susceptible to penicillin. Proteus
mirabilis  was  susceptible to  ampicillin/sulbactam,
ciprofloxacin, amoxicillin/clavulanate, ceftriaxone,
ceftazidime and gentamicin. One Escherichia coli isolate was
identified as an extended spectrum beta lactamase (ESBL)
producing organism which was susceptible to meropenem
and gentamicin. The MRSA isolates were susceptible to
vancomycin, linezolid, tetracycline, trimethoprim-
sulfamethoxazole and gentamicin.

Table 1. The organisms reported from diabetic foot wound and tissue cultures (n=96).

Organism Number Percent (%)
Staphylococcus aureus 13 13.5%
Pseudomonas aeruginosa 9 9.3%
Group B Streptococcus 8 8.3%
Proteus mirabilis 9 9.3%
Methicillin resistant staphylococcus aureus 7 7.2%
Morganella morganii 3 3.1%
Enterobacter cloacae 3 3.1%
Escherichia coli 2 2.0%
Citrobacter freundii 1 1.0%
Enterococcus faecalis 1 1.0%
Klebsiella pneumoniae 1 1.0%
Escherichia coli (extended spectrum beta lactamase positive) 1 1.0%
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4. Discussion

The objectives of this study were to investigate the
microbiological and antimicrobial susceptibility profiles in
DFIs as well as to determine whether MRSA is a common
pathogen associated with diabetes related amputations. It has
been well established that Staphylococcus aureus organisms
are most commonly isolated in DFIs [12]. The findings of this
study is in agreement with previous reports that
Staphylococcus aureus is the predominant organism isolated
from DFIs. Other bacteria such as Escherichia coli,
Streptococci, Enterococci and Pseudomonas aeruginosa have
also been reported to be associated with DFIs [13].
Interestingly, these organisms were isolated at a low frequency
in this particular study. It has been reported that the prevalence
of MRSA DFIs ranges from 5% to 20% [7]. Furthermore,
studies from the United Kingdom have reported a high
prevalence of MRSA in DFIs [14]. MRSA was isolated in a
small number of subjects in this study. However, none of the
subjects received empirical MRSA antimicrobial coverage.
Our findings do not support empiric use of antimicrobial
MRSA therapy for DFI patients. Several studies have
identified risk factors for DFIs such as recent antibiotic use,
previous hospitalization, extended duration of wound and nasal
carriage of MRSA [15, 16]. Some of the patients in the study
who had a wound or tissue culture positive for MRSA, were
also previously colonized with the organism. This observation
is compatible with reports which identified colonization as a
risk factor for MRSA DFIs. A recent study reported high level
antimicrobial resistance among Gram-negative organisms
isolated from DFIs [12]. However, only one Gram-negative
organism, namely an extended spectrum beta lactamase (ESBL)
was identified in this study.

The most common empiric antimicrobial agents used for
management of patients presenting with DFIs were
ampicillin/sublactam, amoxicillin/clavulanate, clindamycin,
ciprofloxacin and piperacillin/tazobactam. In addition, the data
showed that the antimicrobial agents that were used for
empirical management provided coverage for the most
predominant  organisms  Staphylococcus — aureus  and
Pseudomonas aeruginosa. Furthermore, empiric antimicrobial
therapy was frequently modified according to the culture and
susceptibility results. A process improvement initiative has
been introduced and empiric antimicrobial therapy guidelines
are currently available online on the hospital’s Intranet. This
initiative highlights good antimicrobial stewardship and the
need to use antimicrobial agents judiciously. The Infectious
Diseases Society of America (IDSA) guidelines for the
treatment of DFIs recommends that a broad spectrum of
antimicrobial agents should be used for the treatment of DFIs
[11]. Most of the patients in the study had debridement and
some form of amputation. It has been reported that amputation
rates in diabetic patients is an indicator of a health system’s
performance regarding the management of the condition.
Furthermore, reducing the incidence of amputations amongst
diabetic patients indicates a more effective use of the

healthcare spectrum of diabetes and related complications [17,
18].

5. Conclusion

In conclusion, Staphylococcus aureus was the most
frequently isolated organism in this study. The majority of
the positive cultures were mono-microbial and MRSA
organisms were isolated at a low frequency. Antimicrobial
resistance is a common observation in DFIs. The absence of
significant antimicrobial resistance in the study suggests
good compliance with infection prevention and control
policies and the judicious use of antimicrobial agents.
Interestingly, there was no significant correlation between the
various types of organisms isolated, PVD and amputation.
Further studies exploring molecular methodology are
required to identify pathogens responsible for DFIs. It is
important to monitor the prevalence of MRSA to facilitate
clinical decision making in the management of DFIs and in
identifying patients at high risk. The introduction of a
multidisciplinary team approach using care pathways and
education will decrease the incidence of diabetes related
lower limb amputations.
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